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-An analytical model is presented for the interaction between a moving shock and a thin thermal layer of semi-infinite extent. The fluid is assumed to be inviscid and ideal. The model is based on flow field characteristics deduced from the detailed numerical code calculations of Schneyer and Wilkins (1984) . Flow field properties of interest include the peak surface (stagnation) pressure at the base of the incident shock, the forward extent of the shock-induced precursor, and the surface pressure at the latter 
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I. INTRODUCTION
It is well known that radiation from a nuclear explosion can generate a thin layer of heated air adjacent to the ground. 1 The interaction of the nuclear blast wave with this thermal layer results in a precursor wave system, which affects dust cloud generation and the aerodynamic load on ground structures. 1 A general discussion of this interaction has been provided by Hess. 2 Experimental studies of the interaction of weak (Ms 4 1.14) moving shocks with thin thermal layers have been reported in Refs. 3 and 4.
Detailed numerical code calculations of the inviscid interaction between an incident shock and a thin thermal layer of semi-infinite streamwise extent have recently been reported. 5 The present study is an attempt to deduce properties of the latter interaction by simple analytic methods and to compare with the numerical results of Ref.
5.
II.
THEORY
Consider a normal shock wave moving over a thin thermal layer of semiinfinite extent and assume ideal gases. The initial flow field, in laboratory stationary coordinates, is illustrated in Fig. 1 . For generality, the ratio of specific heats y is allowed to differ in the thermal layer and in the external flow. After the initial transient, the interaction can be characterized as either unseparated or separated. These flows are steady and unsteady, respectively, in incident shock stationary coordinates. Both cases are considered herein. Flow velocity and Mach number are denoted by u and M, respectively, in the laboratory coordinate system (Fig. 1) , and by u and M in the incident shock stationary coordinate system (Fig. 2) .
Note that
Hs -Us/a, 1 ul/al = Ml"
A. UNSEPARATED FLOW REGIME
We consider unseparated steady flow in a shock stationary coordinate system (Fig. 2) . The static pressure downstream of the incident shock is Table 1 .
(Contours of constant density, overall). Table 1 . Thk (Contours of constant density, detail).
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x-OISTANCE, cm 't= e
interface location x i moves with constant speed. The wall stagnation point location xp moves with a velocity approximately equal to that of the incident shock x s and, hence, is stationary in incident shock coordinates. Similarly, the leading edge of the normal shock in the thermal layer xst moves with approximately the same velocity as xi. Thus, the separation distance Xst -xi remains constant. The flow in a coordinate system wherein xst and xi are stationary is illustrated in Fig. 5(b) . The flow in region 5 is steady in this coordinate system. These results suggest an analytic model described in the next section. P2t y +1 1 1 1
where P2,t is the stagnation pressure in region 2. Since xsp is stationary in
* -
the present coordinate system, Psp/p1 P 2 ,t/Pi (3c)
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The possibility that the flow at p 5 p was processed by the oblique-normal shock structure at the base of the incident shock is ignored in Eq. 3(c). However, the effect on psp should not be large.
b. Region 3
Conditions in region 3 are assumed to result from a steady isentropic expansion from conditions in region 2. Expressions of interest are 
)_
where Q denotes dynamic pressure in laboratory coordinates.
c. Region 5
For cases in which a shock develops in the thermal layer, the separation distance xst-xi is assumed to remain constant (Fig. 6) . ...
2.t.' -
where Mst and /a4 can be used interchangeably (Eq. 5).
d. Method of Solution
The interaction is uniquely determined by specification of the initial conditions M.9 Y 1 9 Y4, a 4 /al, and h. (The quantity h is not needed, however, for the present model.) Estimates for flow properties can be obtained from the previous equations if the boundary conditions at the interface location x i are specified. In the present model, we assume that conditions in regions 3
and 5, at xi, are related by
The arbitrary constant k is introduced to permit matching of the analytic model with numerical code calculations. A value of k < 1 can be interpreted as indicating a transverse velocity in region 3 at the interface (Fig. 7) Using the present procedure, a 4 /a, and ui/ai are the only quantities that depend on the value of k. Numerical results are given in Table 2 
DISCUSSION
The present analytic model is compared in Table I with The interface pressure pi/P 1 was also computed from Eq. 6(a) using the value of M deduced from the data in Ref. 5 . The resulting pressure is st denoted (pi/pl) R in Table I and agrees with the value of pi/Pi reported in st Ref. 5 . This calculation confirms the analytic model assumption that the pressure Pi/Pi equals the stagnation pressure associated with Mst (Eq. 6). 
IV.
CONCLUSION
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